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(54) FLAME-RETARDANT POLYCARBONATE RESIN COMPOSITION 

(57) A flame-retardant poiycartK)nate resin compo- 
sition comprising 100 parts by weight of a polycar- 
bonate resin (A), about 0.01 to about 8 parts by v\ffeight 
of a silicone compound (B) and 0.03 to 5 parts by weight 
of a metal salt of an aromatic sulfur compound (C) or 
atxHit 0.01 to about 5 parts by weight of a metal salt of 
a perfluoroalkanesulfonic acid (D), or further cntaining 
about 0.05 to atxxjt 5 parts by weight of a fiber-forming 
fluoropolymer (E). wherein the t>ackbone structure of 
said silicone compound (B) is branched and said sili- 
cone compound (B) comprises organic groups that con- 
tain aromatic groups. 

The flame-retardant polycartxxiate resin composi- 
tions according to the present invention attain great 
flame retardance while retaining good impact resistance 
arxJ moldability unimpaired. They also give outstanding 
performance from the standpoint of environmental pro- 
tection because, free from a flame retardant of chlorine, 
bromine compound or the like, they have no danger of 
evolving gases that contain any retardant <Jerived halo- 
gen during combustion. 
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Description 

Technical field of the invention 

5 [0001] This invention relates to flanr>e-retardant polycartxxiate resin compositions. More particularly, it relates to 
flame-retardant pdycartxxiate resin conrposrtions improved in flame retardance without sacrificing the inherent out- 
standing properties of the polycartxrate resin, such as inpact resistance and other mechanical properties, flow prop- 
erties, and outward appeararrce of molded parts. arxJ which contain neither a halogen type flame retardant containing 
chlorine or bromine conrpound or a phosphorus typ>e flame retardant. 

10 

Background of the prior art 

[0002] Polycarbonate resins, a class of engineering plastics with excellent transparency, impact strength, heat 
resistance, and electrical properties, are used extensively in electrical, electronic, office automation, and many other 
15 applications. 

[0003] In the electrical -electronic and OA fields there are many components, such as personal computer housings, 
that are required to possess high flame retardance (conforming to Undenwrters* Laboratories (UL) 94V ratings) and 
great irrpact resistarxie. Polycartx)nate resins are self extinguishing, highly flame-retardant plastics thenr^ves. Still, in 
elect^ical-electronic and OA applications where safety is the primary consideration, they are required to have even 
20 greater flame retardance, high enough to meet the requirements of UL94V-0 and 94V- 1 . 

[0004] A comnxxily used method to improve the flame retardance of the polycartxxiate resin has been to mix it with 
a large proportion of an oligomer or polynr^er of a cartxx^te derivative of brominated bispherxjl A. 

Problems encountered 

25 

[0005] The large addition of an oligomer or polymer of a cartx)nate derivative of brominated bisphenol A improves 
the flame retardance of the polycartxjnate resin. However, it reduces ttie inrpact resistance of the resin and thereby 
poses a problem of frequent cracking of articles nnokled from the resin. 

[0006] On the other hand, mixirtg the resin with a large amount of a halogen type conrpound that contains bromine 
30 can evolve a gaseous product containing the particular halogen upon combustion. Thus from environmental consider- 
ations there is a demand for the use of a flame retardant free from cNorine, bromine or the like. 
[0007] Meanwhile, many attempts have thus far been made to utilize silicone compounds as flame retardants. The 
compounds have high heat resistance, produce negligible noxious gas upon combustion, and are remarkably safe in 
use. 

35 [0008] The silicone compound as a flame retardant is a polymer that results from the polynierization of at least any 
of the following four sibxane units (unit M. unit D, unit T. and unit 0). 

(1)UnitM 

40 [0009] 



Structur«: R-Si— O- Cb«mical 



for«ala: ^^'^'^o.b 



where R represents an organic group. 

55 
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(2) Unit D 
[0010] 

5 D 



Strocton: — O-Sl— O— CbMic&l « « i n 



15 

where R represents an organic group. 
(3) Unit T 

20 [0011] 



Structurv -O— SI— O— dmlcal rs | o, c 

fonmla: ^ 



O 

30 I 



where R represents an organic group. 

35 

(4) Unit Q 



[0012] 



I 

o 

«truc*ur«: _o-Sl-0- tSSl.: ^ I O2 o 



O 

1 
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[001 3] Of these units, unit T and/or unit Q. when contained in the compound, forms a brartched structure. 

[0014] In order to utilize silicone compounds as flame retardants. various silicone compounds having organic 

groups have hitherto been tried, as taught in Japanese Patent Application PM\c Disclosure (Kokai) Isto 1 -31 8069. Jap- 
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anese Patent Application Publication (Kokoku) No. 62-60421 , etc. 

[001 5] However, very few of those conpounds can achieve an appreciat)le flame-retarding effect when added sin- 
gly. Even one found relatively effective must be added in a large quantity if it is to meet the strict standards for electrical- 
electronic appliances. Ttie large addition is not practicable because it unfavorably affects the molding, kneading, and 

5 other needed properties of the resutting plastics, and also because it adds to the cost. 

[001 6] Methods of combining a silicone compound wrth a metal salt have been reported as attempts to enhance the 
flame-retarding effect of a silicone compound while reducing the amount to be added. They include the combined use 
of polydimethyl silicone, a metal hydroxide, and a zinc compound (Japanese Patent Application Pii)lic Disclosure 
(Kokai) No 2-150436); polydimethyl silicone and a Group tia metal salt of an organic add (Japanese Patent Application 

10 Public Disclosure (Kokai) Nto. 56-100853); and silkxxie resin, especially one represented by units M and Q. silicone oil, 
and a Groups lla metal salt of an organic ackJ ( Japanese Patent Application Publication (Kokoku) Nk). 3-48947). Fun- 
damental problems common to those methods are inadequate flanf>e-retardlng effect and difficulty in substantially 
reducing the amount to be added. 

[001 7] A further combination of an organopdysitoxane having an epoxy group (y-glycidoxypropyl group) and phenyl 
15 group and/or vinyl group and an alkali metal saH and alkaline earth metal salt of an organk; suHonk; acid ( Japanese 
Patent Applk^ation Public Disck)sure (Kokai) No. 8-176425) has been reported. Since tiiis silicone compound contains 
highly reactive epoxy and vinyl groups, the silkxxie compound can react with itself to form high molecular weight gels 
when mixed with the polycartxxiate resin, because of high temperature, hampering thorough mixing and increasing the 
viscosity of the mixture. This presents problems of undesirable polycarbonate resin rTX>ldability. especially delamination. 
20 Sinking, and/or unevenness of molded part surface, fyikxeover, the gelation does not altow the silicone compound to be 
thoroughly dispersed in the polycarbonate resin. This, in turn, causes problems of diffrculty in attaining a noticeable 
flame-retarding effect and of declined strength properties such as impact strength of the moWed articles. 

Summary of the invention 

25 

[00181 "The F>resent inventors have intensively searched for a solution of the afore-described problems c# the prior 
art- They have now found, as a result, that the combined use of a specific silicone compound and a metal salt of an aro- 
matic sulfur corrpound or a metal salt of a perf luoroalkanesultonk: acid as a flame retardant to be mixed with a polycar- 
bonate resin and the additional use of a fiber-forming fluoropolymer provide flame-relardant polycarbonate resin 
30 conpositions possessing high flame retardance without a sacrifrce of their impact resistance and moWing properties. 
The finding has led to the perfection of the present inventk>n. 

[001 9] The f lame-retardant polycarbonate resin compositions according to the invention, free from a bromine type 
or other halogen type flame retardant. have no danger at the time of combustion of evolving gases containing the hal- 
ogen that results from the halogen type flame retardant and thereby exhibit outstanding performance from the viewpoint 

35 of environmental protection. 

[0020] In brief, the inventkxi concerns a flame-retardant polycartxxiate resin compositon characterized by mixing 
a polycarbonate resin (A) with a silicone compound (B) whose backbone structure is branched and which has aromatic 
groups in the organk; groups it contains, and a metal salt of an aromatic sutfur compound (C) or a metal salt of a per- 
f luoroalkanesulfonic ackl (D). It also concerns a flame-retardant polycartxxiate resin composition characterized by the 

40 addrtk)n of a ftoer-lorming fluoropolymer (E). The flame-retardant polycarbonate resin compositions according to the 
invention will now be described in detail. 

Detailed description of tfie invention 

45 [0021 ] The polycartonate resin (A) to be used in this invention is any of the polymers obtained either by the phos- 
gene process in which one of varied dihydroxydiaryl compound is reacted with phosgene or by the ester exchange proc- 
ess in whk;h a dihydroxydiaryl compound is reacted vwth a cartx)nk; ester such as diphenyl cartxjnate. Typical of them 
is a polycartx>nate resin produced from 2.2-tMS(4-hydroxyF>henyl)propane (bisphenol A). 

[0022] Exanples of the dihydroxydiaryl compounds, beskies tHsphenol A, are: bis(hydroxyaryl)alkanes, such as 
50 bis{4-h><lroxyphenyl)methane, 1.1-bis(4-hydroxyphenyi) ethane. 2.2-bis(4-hydroxyphenyl)butane, 2. 2-bis(4- hydroxy- 
phenyl)loctane. t>is(4-hydrQxyphenyl)phenylmethane. 2,2-bis(4-hydroxyphenyl-3-methylphenyl)propane, 1,1-bis(4- 
hydroxy-3-tert.butylphenyi)propene. 2,2-bis(4-hydroxy-3-bromophenyl)propane. 2.2-bis(4-hydroxy-3.5-dibronx)phe- 
nyl)propane. and 2.2-bis(4-hydroxy-3,5-dk:hkxophenyl)propane; bis(hydroxyaryl)cycloalkanes. such as 1.1-bis(4- 
hydroxyphenyl)cyctopentane and 1.1-bis(4-hydroxyphenyl)cyclohexane; dihydroxydiaryl ethers, such as 4,4'<iihydrox- 
55 ydiphenyl ether and 4.4'<ihydroxy-3.3'<iimethykiiphenyi ether; dihydroxydiaryl sulfides, such as 4,4 -dihydroxydiphenyl 
sulfkle; dihydroxyaryl suHoxkies, such as 4.4'-hydrodiphenyl sulfoxide and 4.4'KJihydroxy-3,3'<iimethykliphenyl sulfox- 
ide; and dihydroxydiaryl suHones. such as 4.4'-dihydraxydiphenyl sulfone and 4.4'-dihydroxy-3,3'<limethy»diphenyl sul- 
fone 
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[0023] These are used singly cw as a mixture of two or more. It is preferred that these compounds are not halogen- 
ated, so that they do not release hak)gen-con1ainir>g gases into the atmosphere during connbuston. Such a compound 
or corrpourxte may be used in mixture with piperazine, dipiperidyihydroquinone, resorcin, 4,4*-dihydroxydiphenyl, etc. 
[0024] The dihydroxyaryl compourxJ or compounds may be used in combination with a trrvalent or nnore polyvalent 
phenol compound as follows. 

[0025] Tri- or nxxe polyvalent F)herx>ls include phloroglucin, 4.6-dimethyl-2,4,6-tri(4-hydroxyphenyl)heptene, 2,4.6- 
dimethyl-2.4.6-tri{4-hydroxypheny1)heptane. 1.3,5-tri(4-hydroxyphenyl)benzole. 1.1.1-tri(4-hydrQxyphenyl)ethane. and 
2.2-bis[4,4-(4,4'<lihydroxydiphenyl)cyc*ohexyllpropane. 

[0026] The viscosity-average nrolecular weight of a polycartx>nate resin (A) is usually between about 10.CXX) and 
about 100.000. preferably between about 15.000 and about 35.000. In preparing such a pdycartxMiate resin, it is pos- 
sible to use a molecular weight modifier, catalyst, and/or other additive according to the necessity. 
[0027] The silicone conrpound (B) to be used in the invention is one whose backbone structure is branched and 
which contains aromatic groups as organic groups (R^ , and R^), as represented by the general forrrxjla (1). 



General formula (l) 



X 



I 



Lie 
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25 where H\ R^. and R^ represent organic youps in the main chain. X represents an end functional group, and n. m and 
1 represent the number of each unit. 

[0028] The conpound is characterized by having unit T and/or unit Q as the branching unit. It is desirable that the 
amount of such units contained in the compound accounts for at least about 20 mol% of the total siloxane unit content. 
If it is less than about 20 mol%, the resulting silicone compound (B) has inadequately lew heat resistance and reduced 

30 flame-retarding effect and shows such low viscosity ttnat it can have adverse effects upon miscibility with a polycar- 
bonate resin (A) and upon the nrx>ldability of the resulting composition. A more desirable range is t>etween about 30 and 
about 95 mol%. A unit proportion in excess of about 30 mol% further increases the heat resistarxie of the silicone com- 
pound (B) and substantially enhances the flame retardance of the polycartxxwte resin that contains the compound. 
Beyond about 95 nx)l%, however, the units decrease the degree of freedom of the silicone's prirtcipal chain, frequently 

35 harrpering the condensation of the aromatic ring during combustion and rendering it difficult to exhibit remarkable flame 
retardarKe. 

[0029] It is also advisable that the silicone compound (B) should contain organic groups of which aromatic grocps 
account for at least about 20 mofX>- Befow this limit condensation anxxig the aromatic rings tends to occur scarcely dur- 
ing combustfon, thus reducing the flame-retarding effect. A prefen^ed range is between about 40 and about 95 nx>l%. 

40 Over about 40 nx>l% the aromatic groups condense more effectively during combustion while, at the same time, the dis- 
persibility of the silicone compound (B) in the polycartxxiate resin (A) is sul>stantally enhanced, and a very high flame- 
retarding effect is achieved Beyond about 95 mo*%. however, steric hindrance among the aromatic groups tends to 
obstruct their corriensation, sometimes making it ditficutt to attain a noticeable flame-retarding effect. 
[0030] The aromatic groups to be contained are phenyl, biphenyl, naphthalene, or their derivatives. The phenyl 

45 group is prefen-ed from the view point of industrial hygiene of the silicone compourxJ (B). Of the organic groups in the 
silicone compound (B), the organic group other than the aromatic group is preferably methyl group, rt is also desirable 
that the end group is one or a mixture of two to four different groups selected from the class consisting of methyl group, 
phenyl group, hydroxyl group, and alkoxy groups (especially mettx)xy group). These end groups, with fow reactivity, 
rarely cause gelation (aosslinking) of the silicone compound (B) during the mixing of the compound with the polycar- 

50 bonate resin (A). Consequently, the silicone compourxi (B) can be uniformly dispersed in the polycartxxiate resin (A), 
whereby a better flame-retarding effect is achieved and enhanced moWabilrty is attained. Particularly desirable is 
methyl group, which, with exceptionally fow reactivity, brings extremely desirable dispersibility arxJ a further inprove- 
ment in flame retardance. 

[0031] The (weight) average molecular weight of the silicone compound (B) desirably ranges from about 5,000 to 
55 about 500.000. If it is less than about 5.000. the heat resistance of the silicone compound itself is insufficient, with a 
reduced flame-retarding effect. In additkxi. the melt viscosity is so low that the silicone compound can bleed to the sur- 
face of a molded part of the polycartxxiate resin (A) at the time of molding, thus often affecting the moldability unfavo- 
rably Ckxiversely if it is nxxe than atx>ut 500,000. the melt viscosity increases excessively to hinder the uniform 
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dispersion of the compound in the polycaitonate resin (A). This sometimes decreases in the flame-retarding effect or 
moldability. A nrx>re desir^le range is from about 10,000 to about 270.000. In this range the mert viscosity of the silicone 
compound (B) is optimum, enabling the compound to be most uniformly dispersed in the polycartxxiate resin (A) with 
no excessive t>leeding to the surface, thus realizing even higher flame retardance and nx>ldability. 

5 [0032] The annount of silicone compound (B) to t>e used desirably ranges from about 0 01 to about 8 parts by 
weight per 100 parts by weight of the polycarbonate resin (A). When the amount is less than about 0.01 part by weight, 
the flame-retarding effect is sometimes insufficient. When it is more than about 8 parts by weight, delamination can mar 
the appearance of the nrwlded articles. A nnore desirable range is from about 0. 1 to about 5 parts by weight, and even 
more desirable range is from about 0 5 to about 2 parts by weight. In the last-merrtioned range, a better balance is 

10 attained t)etween the flame retardartce and moldabilrty and between them and impact strength. 

[0033] The metal salt of an aromatic sulfur compound (C) to t>e used in the present inverrtion is either a metal salt 
of an aromatic sulfonamide of the general formula (2) or (3) betow or a metal salt an aromatic sulfonic acid of the gen- 
eral formula (4) below 

General formula (2) 

0 0 

1 I 

Ai-S-N--i-Ar M* 

I I 

25 

0 0 



30 [0034] (In the general formula (2) Ar is a phenyl or substituted phenyl group and M is a metal cation.) 

General formula (3) 

35 0 

I 

Ar - S - Jr M* 

I I 
O R" 



45 

[0035] (In ttie general formula (3) Ar is phenyl or substrtuted phenyl group, R' is an organic group that may contain 
a suHonyl or cartx)nyl group, and M is a metal cation, with the proviso that Ar may t>e a phenylene to link with R'.) 
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General formula (4) 



o 
I 

I 

J. 



[0036] (In the general fornnula (4) R" and R'" are the sanr>e or different and represent aliphatic groups cxMitaining 1 
15 to 6 cartxxi atoms, phenyl, biphenylyl or substituted phenyl or biphenyfyl groups, and A represents an SO3M group, in 
which M is a nnetal cation.) 

[0037] Desirable examples of metal salts of aromatic sulfonamides are metal salts of saccharin, metal salts of N- 
{p-tolylsu*fonyl)-p-toluenesulfoim»de, metal salts of N-(N -benzylaminocartx)nyl)suHanylimide. and metal salts of N- 
(phenylcartx>xyl)-sulfanyiimide. Metal salts of aromatic sulfonic acids are. for example, metal sate of diphenylsuHone- 
20 3-sulfonic add. diphenylsul1bne-3,3*-disuffonic acid, and diphenylsulfone-3,4'-disulfonic acid. 
They may be used singly or in combir^tion. 

[0038] Suitable metals are Group I metals (alkali metals) such as sodium arxl potassium, Group II metals (alkaline 
earth metals), copper, aluminum, etc.. especially alkali metals. 

[0039] Preferred above these are potassium salts, such as potassium salt of N-(p-tolytsulfonyt)-p-toluenesulfoim- 
25 ide. potassium salt of N-(N'-benzylaminocartx>nyf)sulfanylimide, and potassium salt of diphenylsulfone-3-sulfonic acid. 
More preferred are potassium salt of N-(p-tolytsulfonyl)-p-toluenesulfo*mide and potassium salt of N-(N -benzylaminoc- 
artx>ny1)sulfanylirntde. 

[0040] The anrxxjnt of a metal salt of an aromatic sulfur compound (C) to be used desirably ranges from about 0.03 
to about 5 parts by weight per 100 parts by weight of a polycartonate resin (A). When the amount is less than about 
30 0.03 part by weight, it is sometimes hard to attain a noticeable flame-retarding effect, with adverse effects upon the 
mold^lrty and impact strength. A preferred range is between atxHJt 0 05 and about 2 parts t>y weight, and a more pre- 
ferred range is between about 0.06 and atxxjt 0.4 part by weight. In this range, above all, flame retardance, moldability. 
and inrpact strength are better t>alanced. 

[0041 ] The metal salt of a pert luoroalkanesuHonic acid (D) to be used in this invention is a metal salt of formula (5) 
35 betow: 



0 
I 

— S-O" 

I 

D 0 



in which M is a nr>etal cation and n is an integer of 1 to 8. 

[0042] The metal salt of a perfluoroalkanesulfonic acid (D) includes a metal salt of a perfluoromethanesuHonic acid, 
50 a metal salt of a perfluoroetfianesulfonic acid, a metal salt of a perf luoropropanesulfonic acid, a metal salt of a perfkior- 
obutanesutfonic acid, a metal salt of a perfluoropentanesulfonic add. a nr»etal salt of a perfluorohexanesulfonic acid, a 
metal salt of a perfluoroheptanesulfonic acid, a metal salt of a perfluorooctanesuitonic acid and the like or a mixture 
thereof. The metal salt of a perfluoroalkanesulfonic acid may be used in combination with tf>e aron^atic sulfur conrpound 
(C) described above. 

55 [0043] The metal used in the metal salt of a perfluoroalkanesulfonic add (D) includes Group I metals (alkali metals) 
such as sodium and potassium. Groip II metals (alkaline earth metals), copper and aluminum. The alkali metal is pre- 
ferred. 

[0044] Preferred metal salt of a perfluoroalkanesulfonic acid (D) is a potassium salt of a perfluorobutanesuHonic 
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acid. 

[0045] TTie amount of a metal satt of a perflLX)roalkanesutfonic acid (D) is about 0.01 to about 5 parts by weight 
based on 100 parts by weight of polycarbonate resin (A). H the amount is smaller than about 0.01 part by weight its 
flame retardar»ce is sometimes insufficient, whereas an amount beyond about 5 parts by weight may result in a poor 
thermal stability on injection nrolding. which may badly influence the nrxjidability or the impact strength. The anxxjnt is 
preferably about 0.02 to about 2 parts by weight, and more preferably about 0.03 to about 0.2 parts by weight. The latter 
range particularly brings a good balance among flame retardance. moldability and impact strer>gth. 
[0046] The fiber-forming f luoropdymer (E) to be used in this invention desirably is one which forms a fiber (fbril 
type structure) structure in a polycarbonate resin (A) Useful are polytetrafluoroethylenes. tetrafluoroethylene copoly- 
mers (e.g., tetrafluoroethylene/hexafluoropropylene copolymer), partially fluorinated polymers as taught by U.S. Patent 
4.379,910, and polycartx>nates produced from fluorinated dipherxjl. When such a polymer is used together with a com- 
bination of a silicone compound (B) and a metal salt of an aromatic sulfur compound (C), or a combination of a silicone 
conpound (B) and a metal salt of a perfluoroalkanesuHonic acid (D) according to the invention, it proves effective not 
only in preventing dripping but in specifically shortening combustion time. 

[0047] The anxxjnt of a fiber-forming fluoropdymer (E) to be used is in the range from about 0.05 to about 5 parts 
by weight per 100 parts by weight of a polycarbonate resin (A). If the amount is smaller than about 0.05 part by weight, 
its dripping-preventive effect during combustion is sometimes insufficient, whereas an anrxxjnt beyond about 5 parts by 
weight can make the resulting composition difficult to granulate, thereby hampering stable production. A preferred 
range is between about 0.05 and about 1 part by weight and a nnore preferred range is between about 0.1 and about 
0.5 part by weight. In this range tf>e balance between flame retardance, moldability, and impact strength is further 
improved. 

[0048] The polycartxxiate resin (A) may be mixed, unless the addition does not impair the advantageous effects of 
the invention, v^ffth other additives, such as any of various heat 5tabili2ers, antioxidants, colorants, f luorescerrt brighten- 
ers, fillers, mold releasing agents, softening agents, antistatic agents, impact property improvers, and other polymers. 
[0049] Heat stabilizers are, for example, metal hydrogensutfates such as sodium hydrogensutfate. potassium 
hydrogensuHate, and lithium hydrogensutfate. and metal sulfates such as aluminum sulfate. Such a stabilizer is usually 
used in an amount of from about 0 to about 0.5 part by weight per 100 parts by weight of a polycarbonate resin (A). 
[0050] Filers include glass fiber, glass beads, glass flakes, carbon f toer. talc powder, day powder, mica, potassium 
trtanate whiskers, v«)llastonrte powder, and silrca powder. 

[0051] AfTx>ng impact property improvers are acrylic elastomers, polyester elaston>ers, core-shell type methyl 
methacrylate-butadiene-styrene copolymer, methyl metfiacrylate-acryionitrile-styrene copolymer, ethylene-propylene 
rubber, and ethyl ene-propylene-diene rutiber. 

[0052] Exarrples of other polymers are polyesters, such as polyethylene terephthalate and polybutylene terephtha- 
late; polystyrenes; styrenic polymers, such as high-impact polystyrenes, acrytonrtrile-styrene copolymer and its acrylic 
rut*>er nxxlification products, aaytonrtrile-butadiene-styrene copolymer, and acryionitrile-ethylene-propylene-diene 
rubber (EPDM)-styrene copolymer; polypropylenes; and polyrrters usually used as alloyed wrth pdycartxxiate resins. 
[0053] There is no special limitation to the method of mixing the various components in the flanr>e-retardarrt pdy- 
cartxxiate resin corrposition of the invention. For exarrple, either mixing by means of a conventional mixer such as a 
tumt)ler, a ritJtxxi blender or melt mixing by an extruder may be used. 

[0054] As for the method of molding the f lame-retardant polycartxxiate resin composition of the invention, injection 
rTx>lding, injectfon-corrpression rroWing. or other converrtional nx>lding technique can be empfoyed without special lim- 
itation. 

Examples 

[0055] The following examples illustrate the invention without however limiting it. All parts are by weight. 
Examples 1 to 61 and Ck?mparative ExartDles 1 to 30 

[0056] 100 parts portions of a polycartx)nate resin derived from bisphenol A are mixed each with 0.03 part of potas- 
sium hydrogensulfate and varied proportions of other conponents listed in Tables 2 to 13. The resulting mixtures are 
melt mixed using a 37 mm^diameter twin-screw extruder (Model "KTX-37" manufactured by Kobe Steel. Ltd.) at a cyl- 
inder temperature of 280 degree C Various pelletized products are thus obtained. 
[0057] The particulars of the materials used are as follows: 

1. Polycartxxiate resin (A): 

Made by Sumitomo Dow Umited under the tradenan>e of "Calibre 200-20" (viscosity-average molecular weight 
= 19,000) 
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2. Silicone compound (B): 

The silicone conrpound (B) is produced by a conventional process. In proportion to the molecular weight o1 a 
silicone conpound component and to the proportions of the units M, D, T, and Q that constitute a silicone com- 
pound, a suitable amount of diorganodichkxosilane, monoorganotrichlorosilane. tetrachlorosilane. or a partially 
hydrolyzed condensate of such a silane is dissolved in an organic solvent Hydrolysis is carried out by the addition 
of water, and a partially condensed silicone compound is formed. It is furtf)er reacted with the addition of triorgan- 
ochlorosilane to conclude the polymerization. The solvent is thereafter separated off by distillation or other tech- 
nique. The structural properties of 19 different silicone compounds thus synthesized by the above metfxxi are 
shown in Table 1 . 



Table 1 



Silicone 


Backbone structure 

n/T/D ratio ^mnJ rating 


Phenyl group ratio to 
tnt^il oroanic cbtoud* 
{mol%) 


Structure and ratio of 
end group (mol ratio) 


Molecular weigfrt (weight 
average)** 


a 


0.7/9.3A) 


60 


methyl only 


12.000 


b 


2/a/o 


60 


metfryl only 


7,000 


c 


2/8A) 


60 


metfryl only 


12,000 


d 


2/8/0 


60 


methyl only 


70.000 


e 


2/8/0 


60 


metfryl only 


250.000 


f 


2/8/0 


60 


metfryl only 


300.000 


9 


2/8/0 


60 


hydrcxyl only 


250,000 


h 


5/5/0 


40 


metfiyl 


80.000 


i 


6.5/3-5/0 


50 


metfryl only 


50.000 


i 


6.5/1.5/2 


50 


methyl only 


50.000 


k 


6.5/3.5A) 


50 


rrrethyt/metfroxyl = 1 / 1 


50.000 


1 


7.5/2.5A) 


50 


methyl only 


50.000 


m 


9/1/0 


50 


metfryl only 


50.000 


n 


10/0/0 


50 


methyl only 


50.000 


o 


2/8/0 


90 


pfrenyl only 


70.000 


P 


2/8/0 


45 


metfryl orrly 


70,000 


q 


2/8/0 


25 


metfryl only 


70.000 


r 


2/8/0 


10 


metfryl only 


70.000 


s 


2/8/0 


0 


methyl only 


70.000 



• The phenyl groi^js in the silicone compound are prwKled through a T unit If all of the phenyl groups cannot be added 
through the T units, then the additional phenyl groups are provided through D units. The 0 units wiB contain only one phenyl 
yoLp if all of the additional phenyl groups can be provided in ttial way It even more phenyl groups are needed, then D units 
containing two phenyl groups are used Except fcx the phenyl groups and the end groups as indicated in Table I. aH organic 
groups are methyl 

** For the weight-average molecular weight, significant figures are two in number. 

3. Metal salt of an aromatic sulfur compound (C): 

• Potassium salt of N-(p-toly»suttonyl)-p-toluenesulfoimide (hereinafter called "C-l"). 
Potassium salt of N-(N'-benzylarTMnocart>onyl)suHanylimide (hereinafter called "C-2"). 
Potassium diphenylsulfone-3-sulfonate (hereinafter called "C-3") 

4. Metal salt of a perfluoroalkanesulfonic acid (D): 
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Potassium salt of a peflluorobutanesuHonic add (hereinafter called "Metal salt D") 
5. Fiber-kxming f luoropolymer (E): 
5 • Polytetrafkjoroethylene ("Polyfuron FA-500" made by Daikin Kogyo Co.. Ltd.) (hereinafter called "PTFE"). 

6 Cartx)nate oligomer of tetrabromobisphenol A: 
• "BC-52" by Great Lakes Chemicals (hereinafter called "Br oligomer"). 

10 

[00581 The various pellets so obtained are dried at 1 25 degree C lor 4 hours and then molded by an injection vnoki- 
ing machine (Model "J-100-E-C5" manufactured by Nippon Seiko K. K.) at 280 degree C and at an injection pressure 
of 1600 kg/crrf . and test specimens (125 x 13 x 1 .6 mm and 124 x 13 x 3.2 mm) for the evaluation of flame retardance 
are formed. 

15 [0059] The specimens are allowed to stand in a thermostatically controlled chamber at a temperature of 23 degree 
C arxl a humidity of 50% fc>r 48 hours. They are then tested for flame retardance and evaluated in conformity with 
Undenwriters* Laboratories testing standards UL94 (lor the evaluation of combusttoility of plastic materials for appliance 
conponents). UI_94V designates evaluation of the flame retardance from the afterflame and dripping after exposure of 
a test specimen of a given size held upright to a burner flame in contact for 1 0 seconds. The ratings are as follows: 

20 



25 





V-0 


V-1 


V-2 


Afterflame of each specimen 


^ 10 sec. 


^ 30 sec. 


^ 30 sec. 


Total afterflame of five specimen 


^ 50 sec. 


^ 250 sec. 


^ 250 sec. 


Ignition of cotton by dropping 


no 


no 


yes 



30 [0060] The term "afterflame" as used herein means the period of time in which a test specimen continues bwrning 
after the source of ignition has been moved away. "The ignition of cotton by dripping" means whether or not a piece of 
cotton placed about 300 mm below the lower erxJ of a specimen catches fire from a drip of melt from the specimen. The 
results are given in Tables 2 to 13. 

[0061] The various pellets obtained are likewise injection molded to form test specimens (3.2 x 12.7 x 63.5 mm) for 
35 the evaluation of their impact strength. The notched impact strength values of the specimens are measured in conform- 
ity with ASTM D-256. As for the outward appearance of the moWed pieces, the specimens are visually inspected, prior 
to the inpact strength measurement, to see if they had signs of delaminatfon or sinking on the surface. The results are 
shown in Tables 2 to 13. 

[0062] In Table 2 to 13. the numerical values of Br type oligomer, silicone, metal salt, and PTFE represent the 
40 amounts (parts by weight) added per 100 parts of a polycartonate resin. In the evaluation of flame retardance, the val- 
ues in parentheses( ) indicate the total (in seconds) of afterflame (duratfon of combustion after ignition) of five speci- 
mens. The values in [ ] are the number of specinoens (among five specimens) that caused fire to marking cotton by 
dripping. MoWability is evaluated by inspecting the mokJed specimens for delamination, surface unevenness. and sink- 
ing. (O designates no such defect found, a designates defects in 1 to 2 specimens, and X designates defects in 3 or 
45 nxxe specimens out of five specimens.) 



Table 2 



50 





Example 








1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


Silicor»e a 


2 






















Silicorie b 




2 




















Silicor»e c 






2 


















Silicone d 








4 


4 


4 


4 


4 


1 


1 


1 


Metal salt C-1 


0.1 


0.1 


0.1 


0.04 


0.1 


0.4 


4 


0.1 


0.06 


0.2 


2 
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Table 2 (continued) 





Example 




1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


PTFE 


0.3 


0.3 


0.3 










0.2 


0.2 


0.2 


0.2 


Flame 
retard 
ance 
UL94 


3.2mm 
thick 


(26) 


V-0 
(25) 


V-0 
(20) 


V-0 
(44) 


V-0 
(29) 


V-0 
(31) 


V-1 

m 


V-0 
(19) 


V-0 
(34) 


V-0 
(14) 


V-0 (37) 


1.6mm 
thick 


V-0 
(33) 


V-0 
(34) 


V-0 
(25) 


V-1 
(59) 


V-0 
(37) 


V-0 
(40) 


v-1 

(83) 


V-0 
(24) 


V-0 
(48) 


V-0 
(17) 


V-1 (53) 


MoMability 


O 


A 


O 


O 


O 


O 


A 


O 


O 


O 


O 


Notched inpact 
strength(Kgcrn/ 
cm) 


62 


61 


63 


63 


63 


63 


59 


63 


63 


64 


61 



Tables 





Example 




12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


Silicone e 


0.5 


4 


7 


0.02 


0.5 


4 


7 








Silicone f 
















4 






Silicone g 


















4 


4 


Metal salt C-1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0 1 


PTFE 








0.3 


0.3 


0.3 


0.3 


0.3 




0.3 


Flame 

retardance 

UL94 


3.2mm 
thick 


V^ 
(31) 


V-0 
(25) 


V-0 
(40) 


V-1 
(70) 


V-0 
(16) 


V-0 
(13) 


V-0 
(28) 


V-0 
(25) 


V-0 
(33) 


V-0 
(19) 


1.6rnm 
thick 


V-0 
(39) 


V-0 
(35) 


V^ 
(49) 


V-1 
(95) 


V-0 
(21) 


V-0 
(17) 


V-0 
(37) 


V-0 
(34) 


V-0 
(43) 


V-0 
(26) 


Moldability 


O 


O 


O 


O 


O 


O 


O 


A 


O 


O 


Notched inpact 
strength(Kgcm/cm) 


63 


64 


63 


54 


63 


64 


62 


62 


63 


63 



Table 4 







Example 






22 


23 


24 


25 


26 


27 


28 


Silicone h 


2 


2 


2 


2 


2 


2 


2 


Metal salt C-1 


0.1 


0.1 


0-1 


0.1 


0.1 


0.1 


0.1 


PTFE 




0.06 


0.1 


0.3 


0.5 


1 


4 


Flarrte 

retardance 

UL94 


3.2mm thick 


V-0 (38) 


V-0 (29) 


V-0 (20) 


V-0 (18) 


V-0 (19) 


V-0 (31) 


V-0 (35) 


1 6mm thick 


V-1 (51) 


V-0 (40) 


V-0 (28) 


V-0 (26) 


V-0 (27) 


V^ (35) 


V-0 (48) 


Moldability 


O 


O 


O 


O 


O 


O 


O 
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Table 4 (continued) 







Example 






22 


23 


24 


25 


26 


27 


28 


Notched inpact 
strength(KgcnVcm) 


62 


62 


62 


62 


62 


61 


60 



10 



Tat)le5 





Example 




29 


12 


31 


32 


33 


34 


35 


36 


Silicone i 


2 


2 














Silicone j 






2 












Silicone k 








2 










Silicone 1 










2 


2 






Silicone m 














2 


2 


Metal salt C-1 


01 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


PTFE 




0.3 


0.3 


0.3 




0.3 




0.3 


Flame 

retardanc 

eUL94 


3.2mm 
thick 


V-0 (33) 


V-0 (21) 


V-0 (18) 


V-0 (29) 


V-0 (46) 


V-0 (34) 


V-1 (64) 


V-1 (55) 


1.6mm 
thick 


V-0 (48) 


V-0 (28) 


V-0 (27) 


V-0 (39) 


V-1 (75) 


V-0 (50) 


V-2 [11 


V-1 (81) 


Moldability 


O 


O 


O 


O 


O 


O 


A 


A 


hkrtched inpact 
strength( Kgcm/cm) 


61 


61 


62 


61 


60 


60 


58 


58 



Table 6 





Example 




37 


38 


39 


40 


41 


42 


43 


44 


Silicone o 


2 


2 














Silicone p 






2 


2 










Silicone q 










2 


2 






Silicone r 














2 


2 


Metal salt C-1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


PTFE 




0.3 




0.3 




0.3 




0.3 


Flame 

retardanc 

eUL94 


3.2mm 
thick 


V-0 (32) 


V-0 (21) 


V-0 (30) 


V-0 (16) 


V-0 (44) 


V-0 (31) 


V-1 (62) 


V-1 (53) 


1 6mm 
thick 


V-0 (44) 


V-0 (33) 


V-0 (43) 


V-0 (24) 


V-1 (68) 


V-0 (46) 


V-2 [11 


V-1 (78) 


MoWability 


O 


O 


O 


O 


O 


O 


A 


A 
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Table 6 (continued) 





Example 




37 


38 


39 


40 


41 


42 


43 


44 


Notched inpact 
slrength{KgcnVcm) 


65 


65 


63 


63 


61 


61 


56 


55 



10 



Table? 





Example 




45 


46 


47 


48 


49 


50 


51 


52 


53 


Silicone d 


1 


1 


1 














Silicone e 








4 


4 


4 








Silicone h 














2 


2 


2 


Metal saltC-1 


0.1 






0-2 






0.1 






Metal salt G-2 




0.1 






0.2 






0.1 




Metal salt G-3 






0.1 






0.2 






0.1 


PTFE 


0.3 


0.3 


0.3 








0.2 


0.2 


0-2 


Flame 
retarda 


3.2mm 
thick 


V-0(9) 


V-O(IO) 


V-0(19) 


V-0 (25) 


V-0 (27) 


V-0 (36) 


V-0 (19) 


V-0 (21) 


V-0 (29) 


nee 
UL94 


1.6mm 
thick 


V-0(11) 


V-0(11) 


V-0 (20) 


V-0 (36) 


V-0 (38) 


V-0 (49) 


V-0 (28) 


V-0 (29) 


V-0 (40) 


Moldability 


O 


o 


O 


O 


O 


o 


O 


O 


O 


tsiotched inpact 
strength(KgcnVcm) 


64 


64 


64 


63 


64 


63 


62 


62 


62 



Table 8 





Example 




54 


55 


56 


57 


58 


59 


60 


61 


Silicone d 


4 


4 


4 


4 


4 


1 


1 


1 


Metal saK D 


0.02 


0.07 


0.2 


4 


0.07 


0.03 


0.1 


2 


PTFE 










0.3 


0.3 


0.3 


0.3 


Flame 

retardanc 

eUL94 


3.2mm 
thick 


V-0 (49) 


V-0 (36) 


V-0 (42) 


V-1 (76) 


V-0 (24) 


V-0 (39) 


V-0 (16) 


V-0 (45) 


1.6mm 
thick 


V-1 (90) 


V-0 (40) 


V-0 (55) 


V-1 (109) 


V-0 (31) 


V-0 (48) 


V-0 (18) 


V-1 (61) 


Moldability 


O 


O 


O 


A 


O 


O 


O 


O 


Notched inpact 
strength(Kgcm/cm) 


62 


63 


63 


57 


63 


62 


63 


60 
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Table 9 





Comparative Example 




1 


2 


3 


4 


5 


6 


7 


8 


Br typ>e oligomer 










5 








Silicofied 


- 


- 


- 


- 




1 


1 


4 


Metal salt C-1 




0.1 




0.1 




0.02 


6 


6 


PTFE 






0.3 


0.3 


0.3 


0.2 


0.2 




Flame 

retandarK; 

eUL94 


3.2mm 
thick 


V-2[5] 


V-2 [5] 


V-1 (151) 


V-1 (147) 


V^ (38) 


V-1 (81) 


V-1 (94) 


V-1 (118) 


1.6mm 
thick 


V-2[5] 


V-2 [5] 


V-2 [2] 


V-2 [2] 


V-0(45) 


V-1 (101) 


V-1 (111) 


V-1 (127) 


Moldabilrty 


O 


o 


O 


O 


O 


O 


A 


A 


hiotched inpact 
strength(Kgcm/cm) 


68 


60 


41 


40 


28 


63 


46 


49 



Table 10 





Comparative Example 




9 


10 


11 


12 


Silicone e 


0.005 


0.005 


10 


10 


Metal salt C-1 


0.1 


0.1 


0.1 


0.1 


PTFE 




0.3 




0.3 


Flame retardance UL94 


3.2mm thick 


V-1 (124) 


V-1 (106) 


V-0 (45) 


V-0 (34) 


1 .6mm thick 


V-2 [51 


V-2 [2] 


V-1 (57) 


V-0 (45) 


Moldabilrty 


O 


O 


X 


X 


Notched inpact strength(Kgcm/cm) 


61 


43 


60 


60 



Table 1 1 





Comparative Example 




13 


14 


15 


16 


17 


18 


19 


20 


21 


Silicone h 
Silicone i 


2 


2 
















Silicone k 






2 














Silicone n 








2 


2 


2 








Silicone o 














2 






Silicone p 
















2 




Silicone q 


















2 
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Table 1 1 (continued) 





Comparative Example 




13 


14 


15 


16 


17 


18 


19 


20 


21 


Metal satt C-1 


- 


- 


- 


- 


0.1 


0.1 


- 


- 





PTFE 












0.3 








Flame 
retarda 
nee 
UL94 


3.2mm 
thick 


V-1 (79) 


V-1 (80) 


V-1 (92) 


V-2 [4] 


V-1 (124) 


V-1 (111) 


V-1 (95) 


V-1 (78) 


V-1 (87) 


1.6mm 
thick 


V-2 [2] 


V-2 [2] 


V-2 [3] 


V-2 [5] 


V-2 [5] 


V-2 [3] 


V-2 [3] 


V-2 [2] 


V-2 [3] 


Moldat>jlity 


O 


O 


O 


X 


X 


X 


O 


O 


A 


Notched inpact 
strength( Kgcm/cm) 


62 


61 


60 


47 


46 


47 


64 


63 


61 



Tat)le12 





Comparative Example 




22 


23 


24 


25 


26 


Silicone r 
Silicone s 


2 


2 


2 


2 


2 


Metal salt C-1 






0.1 


0-1 




Metal salt C-3 










0.1 


PTFE 








0.3 


0.3 


Flame retardance UL94 


3.2mm thick 


V-1 (116) 


V-2 [4] 


V-2 [4] 


V-1 (136) 


V-1 (131) 


1 .6mm thick 


V-2 [4] 


V-2 [5] 


V-2 [5] 


V-2 [3] 


V-2 [3] 


MoWabilrty 


A 


X 


X 


X 


X 


Notched inpact strength( Kgcm/cm) 


55 


47 


46 


46 


45 



Table 13 







Comparative Example 






27 


28 


29 


30 


Silicone d 


1 


1 


4 


4 


Metal salt D 


0.005 


6 


0.005 


6 


PTFE 


0.02 


0-2 






Flame retardance UL94 


3.2mm thick 


V-1 (94) 


V-1 (106) 


V-1 (90) 


V-1 (140) 




1 .6mm thick 


V-1 (130) 


V-1 (132) 


V-2 [2] 


V-2 [2] 


Moldability 


O 


A 


O 


A 


Notched inpact strength(KgcnVcm) 


63 


44 


58 


45 



[0063] As Examples 1 to 61 irxJicate, the polycart>onate resin compositions characterized by containing from 0.01 
to 8 parts by weight of a silicone compourxl (B) whose backbone structure is branched and which contains aromatic 
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groups and from 0.03 to 5 parte by weight of a metal satt of an aromatic sulfur conpourxJ (C) or from 0.01 to 5 parts by 
weight of a metal salt of a perfluoroalkanesulfonic acid (D) and the polycartxxiate resin corrpositions containing, 
besides the above two compounds, from 0.05 to 5 parte by weight of a fber -forming fluoropolymer (E) exhibited by far 
the greater flame-retarding effects tfwn a polycartxxiate resin alone that contained no such additive (Comparative 

5 Exanple 1 ), polycartxxiate resin compositions that did not contain either a silicone compound (B) or a metal salt of an 
aromatic sulfur conrpound (C) (Comparative Examples 2 to 4. 13 to 15. & 19 to 22), and polycarbonate resin composi- 
tions that contained a silicone compound of a structure other tfian that according to the present invention (Comparative 
Exarrples 16 to 18 & 23 to 26). The examples of the invention also denxxistrate marked improvemente in the inpact 
strength of polycartxxiate resin compositions that has been a protrfem comnrxxi to the conventional compositions con- 

10 taining a bromine type flame retardant. 

[0064] With regard to the amount of a silicone corrpound (B) to be added. Examples 12 to 18 and Comparative 
Exarrples 9 to 1 2 reveal ttiat when the amount is less than 0.01 part by weight the flame retardance drops (Comparative 
Exanples 9 to 10) but when it is more than 8 parts by weight the moWatMlity. in particular, is adversely affected (Com- 
parative Examples 1 1 to 12). 

15 [0065] As for the anrxxjnt of a metal salt of an aromatic sulfur conpound (C), Exarrples 4 to 1 1 and Comparative 
Exanples 6 to 8 indicate tfiat when the amount is below 0.03 part by weight the flame retardance is low (Comparative 
Exanple 6) and when it is at)ove 5 parte by weight the mo*dat)ility and irrpact strength decline (Comparative Exanples 
7 to 8). 

[0066] Concerning a fber-forming fluoropolymer (E) ttiat is used in combination with a silicone compound (B) and 
20 a metal saH of an aromatic sulfur conpound (C), Examples 22 to 28, 29 to 30, 33 to 34, 35 to 36. 37 to 38. 39 to 40, 41 
to 42, and 43 to 44 show that tfie addition not only enhances the effect of preventing dripping of a burning polycartxxiate 
resin conposition but substantially shortens the combustion time. Thus the exarrples demonstrate that the fluoropoly- 
mer (E) not merely functions as an ant-dripping agent kxjt achieves a unique synergistic effect of inproving the flame 
retardance of a comt>ined system of the silicone compound (B) and the metal salt (C) according to the invention. Ind- 
25 dentally, an attempt to form a composition by adding 6 parts by weight of the fluoropolymer (E) to the formulation of 
Example 22 failed because it could not be granulated for evaluation. 

[0067] As for the amount of a metal saK of a perfluoroalkanesulfonic acid (D). Examples 54 to 57 and Conparative 
Exanples 29 to 30 indicate that when the amount is t>elow 0.01 part by weight the flame retardance is low (Comparative 
Exanple 29) and when it is atxsve 5 parts by weight the flame retardance. nrxjidability and impact strength decline 

30 (Comparative Exanple 30). 

[0068] Concerning a fber-forming fluoropolymer (E) ttiat is used in combination with a silicone compound (B) and 
a metal salt of a perfluoroalkanesulfonic acid (D). Exanples 55 and 58 show that the addition not only enhances the 
effect of preventing dripping of a burning polycartxxiate resin conposition txrt sut>stantially shortens the combustion 
time. Thus the exarrples denxxistrate that the fluoropolymer (E) not merely functions as an anti-dripping agent but 

35 achieves a unique synergistic effect of improving the flame retardance of a combined system of the silicone conpound 
(B) and the metal salt (D) according to the invention. Incidentally, an attempt to form a conposition by adding 6 parte 
by weight of the fluoropolymer (E) to the formulation of Example 55 failed because it could not be granulated for evalu- 
ation. 

[0069] As regards the structure of tfie silicone conpound. Examples 29 to 36 and Comparative Examples 1 6 to 1 8 
40 indicate that when the backtx)ne structure of the compound contains branching unite, i.e., the unit of the formula 
RSiOi 5 (unit T) and/or the unit of the forrrwla Si02 o (unit Q), it remarkat)ly improves the flame retardance. moldability, 
and irrpact strength of the resulting polycartxxiate resin compositfons over the compositions using silicone not contain- 
ing those unite (Comparative Examples 16 to 18). Above all, the conpositions in which the unite account for rrxxe than 
20 mol% of the total siloxane unit (Rs-oSiOs-o 5) (Examples 29 to 34) show further improvemente in those propertes. It 
45 will also be obvious from a comparison between pairs of Exanples 29. 30 and 33. 34. the silicone compounds contain- 
ing more ttian 30 mol% txanching unite (Exanples 29. 30) possess even better flame retardance and impact properties. 
However, when the proportion of the branching unite exceeds 95 mol%. the resulting compositions are sometimes una- 
ble to achieve a marked flame-retarding effect. Thus it is desirat>le for the flame retardarice, nroldability, and impact 
strength that the branching unite, i.e., the unit of the fornnula RSiOi 5 (unit T) and/or the unit of the formula Si02 0 (unit 
50 Q), account for 20 mol% or more, preferat)ly between 30 and 95 mol%, of the total siloxane unit (R3_oSi02.o 5) 

[0070] Further, as is evident from Exanples 30. 31 . the compounds having the unit of ttie formula Si02 0 (unrt Q) 
alone as the branching unit exNbit flame retardance equivalent to or t)etter than that of the compounds having only the 
unit of the formula RSiOi 5 (unit T). 

[0071] As Exarrples 37 to 42 and also as Examples 43 to 44 and Conparative Exanples 23 to 26 show, the aro- 
55 matic youp (phenyl group) content in the organic groups of a silicone conpound (B) improves the flame retardance. 
moldability, and inpact strength of the polycartxxiate resin conpositions over those not containing the aromatic group 
(Conparative Exarrples 23 to 26). When the aromatic groip content exceeds 20 mdi% (Exanples 37 to 42). further 
irrprovemente are achieved in the flame retardance, moldability. and impact strength As is manifest from Exanples 37 
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to 40 and Exarrples 41 to 42, when it exceeds 40 mol% (Examples 37 to 40) the flame retardance is more markedly 
enharx^. When the aromatic group (phenyl grotp) content in the organic groups is more than 95 rTK>l%. however, such 
remarkable flame-retarding effect sometimes can not be attained. Thus the aromatic group (phenyl group) content in 
the organic groups of a silicone compound (B) desirably is 20 mol% or upwards, and more desirably rartges from 40 to 
95 mol%, because of its favorable effects upon the flame retardance. moWability. and impact strength 
[0072] As regards the end group of a silicone compound (B). Examples 13 and 17, 20 to 21. 30 to 32. and 37 to 38 
indicate that the silicon compounds containing methyl group (Examples 13.17. 30), phenyl group (Examples 37 to 38), 
hydroxyl ^otp (Examples 20 to 21), and alkoxy group (methoxy group) (Example 32) exhibit good flame retardance, 
moW^lrty. and inpact strength Even better flame retardance is attained when the end group is methyl rather than 
hydroxyl group as Examples 13 and 17. 20 and 21 demonstrate, or when it is methyl rather than alkoxy group as Exam- 
ples 30 and 32 show. The same applies to methyl rather than phenyl group. The silicone compound that contains epoxy 
(y-glycidQxypropyl) group or vinyl group is particularly reactive and the silicone compound reacts with itself to form a gel 
when it is mixed with a polycartxxiate resin. Its gelation substantially affects the mokiat>ility of the polycartxxiate resin. 
arxJ the silicone corrpound (B) itself becomes less dispersWe in the resin, rendering it unable to attain adequate flame- 
retarding effect and inpact strength For these reasor^ the end group of the silicone compound (B) is most preferatJy 
methyl group. 

[0073] The molecular weight of the silicone compound (B) is between 5.000 and 500.000. preferably between 
10,000 and 270.000, from the viewpoint of nroldability and flame retardance, as will be obvious from Examples 2, 3, 17. 
and 19. 

[0074] As for the structure of the metal salt of an aromatic sulfur compound (C), Examples 34 to 53 suggest that 
potassium salt of N-(p-tolylsuHonyl)-p-toluenesulfoimide (C-1). potassium salt of N-(N*-benzylaminocartx)nyl)sulfan- 
ylimide (C-2"), or potassium diphenylsulfone-3-sulfonate (C-3) is suitably used and. potassium salt of N-(p-tolylsulfo- 
nyi)-p-toluenesulfoimide or potassium salt of NH(N'-t>enzyiaminocartxxiyl)sulfanylimide is more suitably used. 
[0075] The results of the examples show that the combined use of from 0.01 to 8 parts by weight of a silicone com- 
pound (B) and from 0.03 to 5 parts by weight of a metal salt of an aromatic suffur compound (C) or from 0.01 to 5 parts 
by weight of a metal salt of a perf luoroalkanesulfonic add (D) according to the invention imparts by far the greater flame 
retardance to a polycartxrate resin (A) than by the silicone compound (B) akxie. This is a unique synergistic effect 
observed only with the particular combination described above. 

[0076] When from 0.05 to 5 parts by weight of a fber-forming fluoropolymer (E) is further used together with the 
abwe combination, not only the anti-dripping effect on a burning polycartxxiate resin composition is improved kxit also 
a very favorat)le effect is achieved on the shortening of the combustion time. Thus the addition txings a synergistic 
effect Lpon the irrprovement of overall flame retardance, uniquely to the comtnned system of the silicone compound (B) 
and the metal salt (C), or the silicone compound (B) and the metal salt (D). 

[0077] The flame-retardant polycartx>nate resin compositions according to the present invention attain great flame 
retardance while retaining good impact resistance and moldatMlity unimpaired. Free from a flanr>e retardant of chkxine, 
bromine compound or the like, they have no danger of evolving gases that contain any retardant^erived halogen during 
combustion. Because of the flame retardant in these compositions do not contain chlorine or bromine or the like, no hal- 
ogen-containing gases are formed from the flame retardant when these compositions are burned, which is outstanding 
from the standpoint of environmental protection. 

Claims 

1. A flame-retardant polycartonate resin composition comprising 100 parts by weight of a polycartonate resin (A) 
and about 0.01 to about 8 parts by weight of a silicone compound (B), and also containing about 0 03 to at>out 5 
parts t)y weight of a metal salt of an aromatic sulfur compound (C) or atx>ut 0.01 to about 5 parts by weight of a 
metal salt of a perfluoroalkanesulfonic acid (D). wherein the backbone structure of said silicone compound (B) is 
branched and said silicone compound (B) comprises organic groups that include aromatic groups 

2. A flame-retardant polycartx)nate resin composition according to claim 1 further comprising about 0.05 to atxxjt 5 
parts by weight of a fiber-forming fluoropolymer (E). 

3. The flame-retardant polycartxjnate resin composition according to daim 1 , wherein the arrount of said silicone 
conpound (B) is atxxit 0. 1 to about 5 parts by weight and the amount of said metal salt of an aromatic sulfur com- 
pound (C) is about 0.05 to about 2 parts by weight. 

4. The flame-retardant polycartx>nate resin conposition according to daim 1, wherein the amount of said silicone 
conpound (B) is about 0. 1 to atxxJt 5 parts by weight and the arTX>unt of said metal salt of a perfluoroalkanesulfonic 
acid (D) is atxxit 0.02 to about 2 parts by weight 
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5. The flame-retardarrt polycartxxiate resin composition according to daim 2. wherein the anx>unt of said silicone 
conpound (B) is about 0. 1 to about 5 parts by weight, the amount of said metal salt of an aromatic sutfur compound 

(C) is about 0.05 to about 2 parts by weight and the amount of said fiber-formir>g fluoropolymer (E) is 0.05 to 1 part 
by weight. 

5 

6. The flame-retardant polycarlxriate resin composition according to daim 2, wherein the amount of said silicone 
corrpound (B) is about 0. 1 to atxHrt 5 parts by weight, the anxxjnt of said metal salt of pert luoroalkanesulfonic acid 

(D) is about 0.02 to about 2 parts by weight, and the amount of said fiber-forming fluoropolymer (E) is 0.05 to 1 part 
by weight. 

10 

7. The flame-retardant polycarbonate resin composition according to claim 1, wherein said silicone compound (B) 
corrprises a unit of a formula RSiOi 5 (unit T) and/or a unit of a fornrxjla Si02 0 (""'t Q) in a proportion of at least 
20 mol% to the total of siloxane units (R3.oSi02,o 5). which R is an organic group. 

15 8. The flame-retardant polycarbonate resin composition according to claim 2, wherein said silicone compourd (B) 
corrprises a unit of a formula RSiOi 5 (unit T) and/or a unit of a formula Si02 0 (un'^ Q) a proportion of at least 
20 mol% to the total of siloxane units (R3_oSi02-o 5). which R is an organic group. 

9. The flame-retardant polycarbonate resin composition according to daim 1 . wherein the proportion of said aromatic 
20 groups is at least 20 nr»ol% to said organic groups. 

10. The flame-retardant polycartxxiate resin composition according to claims 2, wherein the proportion of said aro- 
matic groups is at least 20 mol% to said organic groups. 

25 11. The flame-retardant polycarbonate resin composition according to claim 1 . said aronnatic group is phenyl and the 
remainder of said organic groups is methyl, with end groups of said silicone compound (B) comprising at least one 
selected from the group consisting of methyl, phenyl, hydroxyt and alkoxy groups. 

1 2. The flame-retardant polycarbonate resin conrposition according to claims 2, said aromatic group is phenyl and the 
30 remainder of said organic groups is methyl, with end groups of said silicone compound (B) comprising at least one 

selected from the group consisting of methyl, phenyl, hydroxyl and alkoxy groups. 

1 3. The flame-retardant polycarbonate resin composition according to claims 1. wherein said metal salt of an aromatic 
sulfur conpound (C) is a metal salt of an aromatic sulfonamide or a metal salt of an aromatic sulfonic acid and said 

35 metal salt of a perfluoroalkanesulfonic add (D) contains 1 to 8 cartxxi atoms. 

14. The flame-retardant polycartxKiate resin composition according to claims 2, wherein said n>etal salt of an aromatic 
sulfur corrpound (C) is a metal salt of an aromatic sulfonamide or a metal salt of an aromatic sulfonic acid and said 
metal satt of a perfluoroalkanesulfonic add (D) contains 1 to 8 cartxxi atoms. 

40 

1 5. The flame-retardant polycartxxiate resin conposition according to claim 13, wherein said metal salt of an aromatic 
sulfur conpound (C) is a metal salt of at least one selected from the group consisting of saccharin, N-(p-tolylsulfo- 
nyl)-p-toluenesulfonimide. N-(N'-benzylaminocartx)nyl)sutfanylimide. N-(phenylcartx)xyl)-su»fanylimide, diphenyl 
suHone-3-sulfonic acid, diphenyl sulfone-3,3'<Jisulfonic add and diphenyl sulforie-3.4'-disulfonic acid. 

45 

1 6. TTie flame-retardant polycartxxiate resin composition according to claim 1 4. wherein said metal salt of an aromatic 
sulfur conpound (C) is a metal salt of at least one selected from the group consisting of saccharin. N(p-tolylsulfo- 
nyl)-p-toluenesulfonim»de, N-(N'-benzylaminocart>onyl)sulfanylimide, N-(phenylcart>oxyl)-sulfanylimide. diphenyl 
suHone-3-suHonic acid, diphenyl suHone-3,3'<lisulfonic add and diphenyl sulfone-3.4 ndisulfonic add. 

50 

1 7. The flame-retardant polycartxxiate resin composition according to daim 1 , wherein the metal of the metal salt of 
said aromatic sulfur conpound (C) or said perfluoroalkanesulfonic add (D) is an alkali metal 

18. The flarrte-retardant polycartxxiate resin conposition according to daim 2, wherein the metal of the metal salt of 
55 said aromatic sulfur conpound (C) or said perfluoroalkanesulfonic acid (D) is an alkali metal. 

1 9. The flame-retardant polycarbonate resin conposition according to claim 13. wherein the metal of the metal salt of 
said aromatic sulfur conpound (C) or said perfluoroalkanesulfonic add (D) is an alkali metal. 
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20. The flame-retardant polycarbonate resin composition according to claim 14, wtierein the metal of the metal salt of 
said aromatic sutfur compound (C) or said perfluoroalkanesuHonic acid (D) is an alkali metal. 

21. The flame-retardant polycart>onate resin composition according to daim 2, wherein said fber-forming fluoropoly- 
5 mer (E) is polytetrafluoroethylene. 

22. The flame-retardant polycartxxiate resin conrposition according to daim 5. wherein said fber-fornrHng fluoropoly- 
mer (E) is polytetrafluoroethylene. 

10 23. The flame-retardarrt polycartK>nate resin composition according to daim 6. wtierein said fber-forming fluoropoly- 
mer (E) is polytetrafluoroethylene. 
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